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INTRODUCTION
The term, coronary artery anomaly refers to anatomical variations of the coronary artery that are present in a small percentage of the population [11] . The reported prevalence ranges from 0.7% to 2.4% in a cardiac imaging series [24, 25] . In otherwise normal patients, there may be variations in the number, shape, and location of the ostia or origins of the coronary arteries [16] . Most of these variations appear to be of no clinical significance, although some patients will present for medical attention with a serious first presentation, such as myocardial infarction or sudden cardiac death (SCD) [9] . Certain types of coronary artery anomalies have been noted to confer a higher risk of SCD, these being of mainly nonaortic origin or those with an origin from the opposite coronary sinus and an interarterial course [23] . For many years, the diagnosis of coronary artery anomalies was limited to postmortem autopsy or invasive coronary angiography. Currently, coronary computed tomography angiography (CCTA) is the main alternative to invasive angiography in the evaluation of coronary anatomy, allowing concomitant evaluation of other cardiac structures [7] .
The aim of this study was to determine the prevalence of coronary artery variations detected by 64-slice mutidetector CT.
MaTeRIals aND MeThODs

Patients
The results of ECG-gated CCTA examinations performed on 726 consecutive patients were analysed retrospectively. All examinations were performed at Barlicki University Hospital (Medical University of Lodz, Poland) from December 2010 to May 2013. The mean age of the patients was 58 years, 53% were male. The main indications for CCTA were atypical chest pain, angina pectoris, screening for coronary artery disease and determination of the patency of bypass grafts or stents. The exclusion criteria for CCTA were arrhythmia (atrial fibrillation, frequent ventricular and supraventricular premature beats), high coronary artery calcium score (CACS) result (> 800 AU), previous serious allergic reaction to iodine contrast medium, renal failure and pregnancy.
Computed tomography protocols and image reconstruction
All studies were performed using a 64-detector CT scanner with retrospective ECG gating (Lightspeed VCT, GE Healthcare, Milwaukee, WI, USA). Firstly, the CACS was determined in all patients. If CACS was over 800 AU, then CCTA was not performed. In the remaining patients, complete CT evaluation was performed with the administration of a contrast agent. The heart rate of patients ranged between 52 and 97 bpm (mean 64 bpm); intravenous beta--blocker (up to a total dose of 20 mg metoprolol) was used just before the scan if the heart rate was greater than 70 bpm, as long as no contraindication was present.
An intravenous cannula was inserted in the right basilica vein. The triphasic injection protocol was used with an injection of 60-70 mL of non-ionic contrast medium with high iodine concentration (iomeprol 400 mgI/mL, Iomeron) at a flow rate of 4.8-5.2 mL/s. This was followed by injection of a 40 mL solution of 20% contrast medium and 80% saline solution, and finally an injection of 30 mL saline with the same flow rate as used for CCTA.
The CCTA data was analysed on cardiac dedicated workstation (Advantage Workstation 4.4, GE Healthcare, Milwaukee, WI, USA) using curved multiplanar reconstruction (MPR) and 3-dimensional volume rendering reconstructions. Images were evaluated by an experienced cardiovascular radiologist. The diameters of the coronary arteries were evaluated at a distance 3 to 5 mm from the origin of the vessels. If the cross section of the artery was not round in shape, two perpendicular measurements were taken and mean value was obtained.
Definitions
The dominant coronary artery was defined on the basis of which coronary artery passed gave off the posterior descending artery. If the posterior descending artery stemmed from the right coronary artery and the posterolateral artery stemmed from the left circumflex artery, then the vasculature of the heart was classified as co-dominant. Coronary artery anomalies were recognised according to the classification proposed by Angelini [2] , which divides coronary artery anomalies into 3 categories: anomalies of origination and course, anomalies of intrinsic coronary arterial anatomy, and anomalies of coronary termination.
A coronary artery aneurysm is defined as the condition in which coronary artery segments have a diameter more than 1.5 times greater than that of the diameter of the normal adjacent coronary segments or the diameter of the patient's largest coronary vessel and involve less than 50% of the total length of the vessel [17] . The term "ectasia" was used to describe a condition in which diffuse dilatation over 1.5 times than the normal diameter of the coronary arteries occurs, which involves 50% or more of the length of the artery [17] .
Myocardial bridging was defined as an intra-myocardial segment in the course of a major epicardial coronary artery [14] .
ResUlTs
Coronary artery circulation was right dominant in 580 (79.9%) patients, left dominant in artery (0.1%), although both cases demonstrated a retroartic course. In patients with coronary anomalies, no other concomitant congenital heart diseases were observed.
The dominant vascularity type was analysed in the subgroup of patients with diagnosed coronary arterial anomalies. When the right coronary artery originated from left coronary sinus, the circumflex and right coronary arteries were noted as being co-dominant. Among patients with the origin of the circumflex artery stemming from the right coronary sinus, the circumflex artery was observed to be dominant only in 1 case: the right coronary artery was dominant in the rest of the patients. In both patients with the left main artery originating from the right coronary sinus and with the circumflex artery originating from the right coronary artery, the right coronary artery was dominant. The distribution of vascularity type in patients with an anomalous origin of the coronary artery and its diameters is presented in Table 1 .
DIsCUssION
Knowledge of the normal coronary artery anatomy and its common variations is crucial for the accurate assessment of CCTA [13] . Variations in coronary anatomy exist with respect to number, origin, distribution, position and structural relationship with other cardiac structures, and these must be taken into consideration in the evaluation of coronary artery anomalies [8] . They may be isolated findings or 81 (11.1%) patients, and co-dominant in 65 (9.0%) patients. The left main coronary artery trifurcated into the intermediate artery in 246 (33.9%) patients. The conus artery originated from the right coronary artery in 566 (77.9%) patients and had a separate direct origin from the right coronary sinus in 160 (22.0%) patients. A myocardial bridge was the most frequent coronary variant observed in 161 (22.2%) patients, while coronary ectasia and aneurysm were diagnosed in 5 (0.7%) patients and 2 (0.3%) patients, respectively.
The overall incidence of coronary artery anomalies was 1.1% (8 out of 726 participants). The most common anomaly was an anomalous origin of the circumflex artery from the right coronary sinus with a retroaortic course (4 patients, 0.6%) (Fig. 1) , followed by the presence of the origin of right coronary artery from the left coronary sinus (2 patients, 0.3%). In the first case, signs of compression were found in the interarterial course between the pulmonary trunk and the aorta, which is considered a "malignant variant" (Fig. 2) , while the second patient had a similar, but more inferior (subpulmonic) course of the right coronary artery between the right ventricular outflow tract and the root of the aorta with no arterial compression and no clinical significance (Fig. 3) . One patient was observed with an abnormal origin of the left main artery from the right coronary sinus (0.1%) (Fig. 4) and another patient with a circumflex artery origin from proximal segment of right coronary coexist with other congenital heart conditions such as a bicuspid aortic valve, tetralogy of Fallot or transposition of the great arteries [19] . Most coronary artery anomalies are not of clinical importance, being asymptomatic and accidentally discovered on coronary angiography or autopsy. However, some of them may be potentially life threatening. Among anomalies which can cause myocardial ischaemia and even sudden death are the presence of a coronary artery fistula, which is an anomalous origin of a coronary artery from the pulmonary trunk, or when the coronary artery stems from a contralateral side origin with an interarterial course between the aorta and the pulmonary artery [3] .
While coronary artery anomalies are reported in approximately 1.3% of patients undergoing coronary angiography [24] , the reported incidence of coronary artery anomalies diagnosed by CCTA is higher and ranges between 0.7% and 18% [4, 22] . These results are in accord with those of the present study: 1.0% of coronary artery anomalies being diagnosed in the study group.
Myocardial bridging was the most frequent normal variant observed in our study. The reported prevalence of myocardial bridging varies from 40% to 80% in autopsy studies and from 0.5% to 16% in conventional angiography [21] . The distinct difference between those 2 methods is due to the relatively low diagnostic sensitivity of conventional angiography in the visualisation of tunnelled segments of coronary arteries based only on systolic compression [12] . Cardiac computed tomography is an alternative method for the identification of myocardial bridging, which is of clinical importance due to its potential clinical consequences: ischaemia, acute coronary syndro- me, coronary spasm, rupture of ventricular septum, arrhythmia or even SCD [1] . In contrary to 2-dimensional coronary angiography, CCTA is a non-invasive cardiovascular imaging method with a capability for multiplanar postprocessing and is able to show the origin, complex 3-dimensional anatomy, course and termination of the coronary arteries, making it the gold standard for visualisation of coronary artery anomalies [10, 26] . CCTA provides better images of the anatomic course of the coronary artery compared to invasive coronary angiography, enabling accurate demonstration of an anomalous or aberrant coronary vessel prior to operation or intervention [6, 20] .
Even for experienced operators, the catheterisation of anomalous vessels may be a challenging and time-consuming procedure and additional diagnostics are often needed [5] . Schmid et al. [18] showed that CCTA was able to depict 100% of the anomalies diagnosed by conventional angiography. However, Shi et al. [21] revealed that conventional angiography failed to demonstrate 47% of the coronary anomalies which had been diagnosed by CCTA. Other imaging techniques seem to be still insufficient. The main limitation of echocardiography is the lack of an optimal acoustic window in a significant percentage of patients, while cardiac magnetic resonance is prone to cardiac and respiratory motion-related artefacts because of its low spatial resolution [15] . Therefore, CCTA seems to be the only current alternative to invasive coronary angiography in visualisation of coronary anomalies.
CONClUsIONs
CCTA is a noninvasive imaging technique useful for the precise evaluation of variations and anomalies of the coronary arteries. Its 3-dimensional capabilities can clearly display the anatomy of coronary arteries. Further progress in temporal and spatial resolution with a concomitant reduction of radiation dose may overcome some current limitations and broaden the role of CCTA in coronary artery assessments. Being able to measure the diameters of presented arteries may be helpful in coronarography.
